A nanocomposite based on carbon paste electrode fabricated, by using zeolite as ion carrier .Functional multi-wall carbon nanotube was used for improvement of electrode response. The optimal composition of CPE was built from 65% graphite powder, 20 wt% paraffin oil, 5% ion carrier (zeolite), 10% MWCNTs. Electrode showed Nernstian response 19.88 (±0.2)mVdecade "1 in the measuring range 10 "7 -10 "2 mol L "1 and showed detection limit of 6.3×10 -7 M. The sensor was successfully used for potentiometric titration Cr 3+ with EDTA. The carbon paste electrode showed fast response time, good selectivity and applicable in the wide pH range of 3 -10.
INTRODUCTION
In the first decade of the nineteenth century, chromium used as a component of paints, but now its main application is (85%) for the manufacture of stainless steel and electroplating with chromium and the remainder used in chemical industries, refractory and foundry industries. With development of use of chromium compounds in various industries like leather, paint, coating metals and steel industry as well as its entering to the environment through waste factories, toxic effects have been observed on human health. [1] [2] [3] [4] . Many techniques have been used for determination of chromium, such as ion chromatography, Flame Atomic Absor ption Spectrometr y, Inductively Coupled Plasma Spectrography, X-Ray Fluorescence Spectrometry, Emission Spectrography, Neutron Activation Analysis, Colorimetry, Polarography but Potentiometric method, is an electrochemical zmethod that measured the potential of the electrode system. As well as, it used to measure compounds by ion-selective electrode. Potentiometry has several advantages compared with other methods, such as, speed, ease of preparation, relatively fast response, simple instrumentation, wide linear range, reasonable selectivity, low cost [5] [6] [7] [8] [9] [10] [11] [12] .
Carbon paste electrodes, are one of the latest of the ion-selective electrodes, are consideration of, because of improvements of some factors, such as lower detection limits, the low ohmic resistance, renewability, stable response, no need for internal solution. This kind of sensor consists of a combination of ionophore, paraffin oil, graphite powder and sometimes a matter of modifier [13] [14] [15] [16] [17] [18] [19] .
Multi-wall carbon nanotube is one of the most active studied material in the manufacture of carbon paste electrodes because of its unique structure and physical properties such as, Ultra-light weights, high mechanical strengths, high electrical conductivities, high thermal conductivities, metallic or semi-metallic behaviors and high surface areas. Combination of the unique properties of carbon nanotubes into materials with high potential was caused their various applications. They improve dynamic range and reduce response time [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Zeolites are cr ystalline and hydrate aluminasilicates with tetrahedral structure that make up from an endless three-dimensional network from tetrahedral SiO 4 4-.and AlO 4 5-that are connected together with oxygen atoms. Zeolites as Natural resin have properties removal of anionic pollutant and cationic exchange. After identifying unique physicochemical properties of zeolites, they attracted the attention of many researchers. Structure and chemical compound of natural zeolites and their modified form are potential sources of various researches. They are used as ion exchanger, catalyst and influence in adsorption and desorption of ions. Zeolites are attention due to the adsorption properties and porous structure and applied in the manufacture of sensors. Zeolite apply in different [33] [34] [35] .
In this article, we built a nano-composite carbon paste electrode for determination of Cr 3+ and used in potentiometry titration Cr 3+ with EDTA.
ExPERIMENTAL Chemicals
Graphite powder with a <50µm particle size (Merck) and paraffin oil (Aldrich) was used for the preparation of the carbon paste electrode. The multi-walled carbon nanotubes (MWCNTs) with 10-40 nm diameters, 1-25 µm length was purchased from Research Institute of Petroleum Industry (Iran). The nitrate salts of the cations were purchased from Merck Co. Deionized water was used for preparing all of the solutions. 
Instruments
The electrochemical cell contained, a calomel (Azar electrode) as a refrence electrode and the chromium (III) sensor as the indicator electrode .The Schematic figure is as follows:
Carbon paste electrode | sample solution | Cl -(4M) %Hg 2 Cl 2 (s) %Hg (l) %Pt. After EMF is calculated, calibration curve is drawn by plotting potential, versus the logarithm of the concentration of the chromium ion.
Functionalization of nanotubes
The amount of the carbon nanotube with a certain amount of nitric acid and sulfuric acid was refluxed for 4 hours at 120 to 140 ° C. Materials produced was filtered by the Millipore filter and vacuum pumps and was washed with distilled water until complete neutralization of the leach solution. After drying it, using the IR spectrum was assessed the created functional groups.
Carbon paste electrode preparation
Desired amount of Zeolite, graphite powder, paraffin oil and functionalized nanotubes were thoroughly mixed and then transferred into a glass tube with i.d. 5mm and a height of 3cm. After the mixture homogenized, to avoid the formation of air gaps, the paste was packed carefully in to the tube. This can prevent an increased in the electrical resistance of the electrode .Then Electrical contact was made by inserting a copper wire in to the opposite end. The working surface of the electrode was polished by using soft abrasive paper.Then, the electrode was conditioned for 24h by being soaked in a 1.0×10 -3 mol L -1 of Cr (NO 3 ) 3 solution [36] [37] [38] [39] .
RESULTS AND DISCUSSION

Potential response of the electrode
To study the selectivity behavior of designed electrode, clinoptilolite zeolite was employed as a sensing element in preparation of some carbon paste electrodes. Zeolites have regular channels and holes that have been filled by cations and water molecular. Existing cations were mobile, and can replace with other cations. Also, existing cations in the pores of zeolite can interact with some polar molecular and attract them in its external surface. Existing water molecular in zeolite network can go out of network, continuously and reversibility. After preparing of carbon paste electrode, the selectivity of the designed electrode was tested against the some cations. Electrodes were used for solution of 1×10 -1 M to 1×10 -7 M of the nitrate salt of the cations. Potential was measured and plotted against the logarithm of the concentration of the ions. Results are shown in Table 1 . According to data, Cr 3+ shows a good Nernst response. As a result, electrode is optimized for Cr
3+
Optimization of CPEs
Ion carrier is a key element in the sensor, which has main role in determining of the selectivity of the membrane. It binds with certain ion. In this paper, we used Clinoptilolite zeolite as an ion carrier Clinoptilolite is a natural zeolite and has high ion exchange property, and its abundant resources are attentional in our country. High ion exchange capacity of Clinoptilolite cause that can remove heavy ions from contaminated water.
Also we used MWCNT-COOH as modifier in CPE. We know, that MWCNT cause to increase conductivity of the sensor and transduction of the chemical signal to electrical signal. As a result, dynamic working range and response time of the sensor improved, and the potential response of the sensor improves to Nernstian values. As well as, reaction acid with frame and unsymmetrical end of nanotube cause to open its end and was created functional group in breakage location on wall, that this method cause to increase solubility of nanotube and purification nanotube from amorphous carbon. By the way the toxicity of nanotubes are reduced. As a result of a more nanotube sit on surface of electrode 
Calibration curve
The measurement range of an ISE is defined as the upper and lower detection limits, that in the range, response of the electrode obeys of nernst equation [38] [39] [40] . The response of the electrode with optimal combination was tested in Cr (III) ion concentration range of 1.0,)10 
Effect of pH
In order to evaluate the effect of pH on the potential response of the sensor, the potentials were measured for 1.0×10 -3 mol L -1 of Cr 3+ solution with different pH values. The pH varied by addition of HNO 3 or KOH. The potential was plotted versus; pH in Fig. 3 . The composition of the electrode was kept constant in all experiments. The results display the potential of electrode is constant between pH (3-10) in Fig.3 . Decrease in potential in above the pH value of 10.0 is because of formation of Cr 3+ ion hydroxyl complexes in the solution. And decrease in potential below the pH value of 3.0 was related to the partial protonation of the zeolite [41] [42] .
In another experiment, the values of E (mV) were examined for Cr 3+ solution with a concentration of 1.0,)10 -1 -1.0,)10 -7 M in the pH (2, 4, 6 ). The result shown, pH has no effect on potential response. But the best slope was recorded for pH (2) .
Response time
Response time of an electrode is one of the important factors for every ISE. Response time of an electrode is obtained through measuring the average time after its immersion in a series of solutions of the target ions, each having a ten-fold concentration difference 43 . At this stage experiments, time response for the mentioned sensor was investigated by changing the Cr 3+ concentration from1.0×10 -7 to 1.0×10 -2 mol L -1 and the results showed that the response time of the electrode was less than 13 s (Fig 4) 
Interference studies
Selectivity of electrode is ability of electrode to detect the target ion of other ions (interfering ions) and is expressed in terms of selectivity coefficients. It determined by the matched potential method (MPM). According to this method, a specified activity (concentration) of main ions (A) is added to a reference solution and the potential is measured. In a separate experiment, interfering ions (B) are successively added to an identical reference solution, until the measured potential matches the one obtained before the addition of the primary ions. The matched potential method selectivity coefficient, K MPM , is then given by the resulting main ion to interfering ion activity (concentration) ratio, KMPM =a A /a B . a A , is main ion activity(concentration). a B , is interfering ion activity (concentration) 44 . The results are shown in Table 3 .
As can be seen, alkali, alkaline earth and transition metals don't disturb the measurement of chromium with this electrode.
Life time
The lifetime of the electrodes, the length of time that the electrode is sensitive to changes in concentration of the target ion and slope is acceptable. The average lifetime reported for most Fig.5 .
The new Cr 3 + -selective CPE was used for determination of Cr 3 + in waste water sample. The method repeated five times, and results were recorded. Then Atomic Absorption Spectroscopy (AAS) was applied to determination of Cr 3 + ion concentration in waste water sample. The results were compared with the data obtained from atomic absorption spectrometry (AAS). As can be seen in Table 5 , there was a satisfactory agreement between the results of the developed sensor and those obtained by AAS.
pH range, response time and slope of these electrodes are given in Table 6 . As can be understood from Table 6 , the electrode in measurement of chromium ion is more successful than other reported electrodes because of having a wide measuring range the lower detection limit, fast response time, much wider pH range. Different Cations don't interfere in measuring of Chrome with these electrode so this sensor is useful for determining of Cr 3+ .
CONCLUSION
In the present work, we used zeolite as selective ionophore for fabrication a nanocomposite CPE for determination of Cr
3+
. Electrode can use well in range pH (3-10) with response time less than 13 s. The linear range for determination of Cr 3+ with this electrode is 1.0×10 -7 -1.0×10 -2 with nernstian slope of 19.88 and detection limit of 6.3.0×10 -7 . Electrode can used in the presence alkali, alkaline earth and transition metals without inconvenience. To compare this electrode with other chromium sensitive electrodes that reported in the literature [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] , linear range, detection limit, operating
